20 The nematode Caenorhabditis elegans has emerged as a genetically tractable animal host 21 in which to study evolutionarily conserved mechanisms of innate immune signaling. We 22 previously showed that the PMK-1 p38 mitogen-activated protein kinase (MAPK) 23 pathway regulates innate immunity of C. elegans through phosphorylation of the 24 CREB/ATF bZIP transcription factor, ATF-7. Here, we have undertaken a genomic 25 analysis of the transcriptional response of C. elegans to infection by Pseudomonas 26 aeruginosa, combining genome-wide expression analysis by RNA-seq with ATF-7 27 chromatin immunoprecipitation followed by sequencing (ChIP-Seq). We observe that 28 PMK-1-ATF-7 activity regulates a majority of all genes induced by pathogen infection, 29 and observe ATF-7 occupancy in regulatory regions of pathogen-induced genes in a 30 PMK-1-dependent manner. Moreover, functional analysis of a subset of these ATF-7-31 regulated pathogen-induced target genes supports a direct role for this transcriptional 32 response in host defense. The genome-wide regulation through PMK-1-ATF-7 signaling 33 reveals global control over the innate immune response to infection through a single 34 transcriptional regulator in a simple animal host.
113
To identify the most likely immediate downstream targets of ATF-7, we set a 114 peak threshold based on the fraction of peaks containing the bZIP motif after ranking 115 ATF-7 peaks by enrichment ( Figure S3B ). This resulted in ~1500-4000 highly enriched 116 locations per experiment. Overlap of the of the retained ATF-7 binding profile of P.
117 aeruginoasa-induced genes compared to the RNA-seq data from P. aeruginosa induction 118 was measured using a Gene Set Enrichment Analysis (GSEA), which showed that ChIP 
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For functional validation of putative ATF-7-regulated immune response target 130 genes, we focused on transcripts that were upregulated at least two-fold by P. aeruginosa 131 exposure in an ATF-7-dependent manner and that were also bound by ATF-7 in any of 132 our four ChIP-seq conditions. Included among these putative ATF-7 targets were genes 133 encoding antimicrobial effector molecules, such as CTLD-containing proteins and 134 lysozymes (Table S3 ). We determined whether RNAi-mediated knockdown of these 135 genes resulted in enhanced susceptibility to killing by P. aeruginosa and observed that 136 RNAi of 13 of 43 genes conferred enhanced sensitivity to killing by P. aeruginosa, 137 without affecting survival on non-pathogenic E. coli (Table S3 , Figure S4 ).
138
Our data suggest that ATF-7 is a direct regulator of immune effector genes that is 139 regulated by PMK-1 p38 MAPK. We previously proposed a model in which PMK-1 140 phosphorylates ATF-7 in response to pathogen infection, switching the activity of ATF-7 141 from that of a transcriptional repressor to that of an activator, allowing the induction of 142 immune response genes [7] . Our data here are consistent with this model, showing a 143 strong dependence of pathogen-induced gene induction on PMK-1 and ATF-7, and a high 144 degree of occupancy of regulatory regions of pathogen-induced genes by ATF-7 under 145 basal and pathogen-induced conditions, with ATF-7 occupancy of pathogen-induced 146 genes being strongly dependent on PMK-1. Moreover, our data reveal that PMK-1-ATF-147 7 signaling regulates over half of all pathogen-induced genes at the genome-wide level.
148
PMK-1 signaling has also been implicated in a number of non-infection contexts in 149 C. elegans [2, 16, 17] . Interestingly, we observed that ATF-7 binds quite strongly to 150 several key regulators of stress response pathways. We found that ATF-7 exhibits 151 binding affinity to regulators of autophagy (lgg-1), the Unfolded Protein Response (xbp-152 1), and the oxidative stress response (skn-1), as well as several immunity regulators (hlh-153 30, zip-2, and interestingly, atf-7) ( Figure 4 ). 
Materials and Methods

C. elegans Strains
168
Strains used: N2, ZD386 (atf-7(qd22 qd130)), KU25 (pmk-1(km25)), ZD1807
169 (atf-7(qd328[atf-7::2xTY1::GFP])), ZD1976 (atf-7(qd328[atf-7::2xTY1::GFP]);pmk-170 1(km25)). C. elegans were maintained at 16°C on E. coli OP50 as described [18] . The atf-171 7(qd328) allele was generated by the CRISPR-Cas9 system as described [19, 20] and 172 verified by Sanger sequencing. GFP expression in ZD1807 (atf-7(qd328)) was verified by 173 immunobloting, and pull-down was assessed by IP-IB. The atf-7(qd238) allele was 174 confirmed to function as wild-type, as assayed by susceptibility to P. aeruginosa strain 175 PA14 in a slow kill assay, and then crossed into the pmk-1(km25) mutant background.
177
Preparation of Animals for Sequencing Experiments
178
Slow Kill Assay (SKA) plates were prepared as previously described [21] . P.
179 aeruginosa strain PA14 or E. coli OP50 was grown overnight in Luria Broth (LB), 180 seeded onto SKA media and then grown overnight at 37°C, followed by an additional day 181 at room temperature as previously described [22] . Large populations of animals were 182 synchronized by egg-preparation of gravid adult worms in bleach, followed by L1 arrest or pmk-1(km25) mutant (D) animals exposed to PA14. 
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Representative survival curves of animals treated with RNAi against indicated genes that 374 resulted in a significant (p-value < 0.05 by log-rank test) reduction in survival on PA14 375 compared to EV controls in 2/2 experiments. Animals were treated with RNAi for two 376 generations prior to exposure to PA14. EV refers to HT115 carrying the Empty Vector 377 control plasmid, L4440.
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